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Effect of bending and torsional mode excitation on the reaction
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A beam containing Cl Cl,, and He is expanded into a vacuum chamber whergi€prepared via
infrared excitation in a combination band consisting of one quantum of excitation each in the
bending and torsional modds,+v,). The reaction is initiated by fast Cl atoms generated by
photolysis of C} at 355 nm, and the resulting Gland HCI products are detected in a state-specific
manner using resonance-enhanced multiphoton ionizd®&EMPI). By comparing the relative
amplitudes of the action spectra of Cl+ @, +v,) and Cl+CH,(v3) reactions, we determine that

the v,+v, mode-driven reaction is at least 15% as reactive asithéantisymmetric stretch
mode-driven reaction. The REMPI spectrum of the Gifoducts shows no propensity toward the
formation of umbrella bend mode excited methyl radical,;G&= 1), which is in sharp distinction

to the theoretical expectation based on adiabatic correlations betwegardHCH,. The rotational
distribution of HClv=1) products from the CIl+Ckw,+v,) reaction is hotter than the
corresponding distribution from the Cl+GHr) reaction, even though the total energies of the two
reactions are the same within 4%. An explanation for this enhanced rotational excitation of the HCI
product from the Cl+CHv,+v,) reaction is offered in terms of the projection of the bending
motion of the CH reagent onto the rotational motion of the HCI product. The angular distributions
of the HC(»=0) products from the Cl+CH{r,+v,) reaction are backward scattered, which is in
qualitative agreement with theoretical calculation. Overall, nonadiabatic product vibrational
correlation and mode specificity of the reaction indicate that either the bending mode or the torsional
mode or both modes are strongly coupled to the reaction coordina2€0® American Institute of
Physics[DOI: 10.1063/1.1844295

I. INTRODUCTION chado, Truhlar, and Espinosa-Gaféiaand Yu and

Nymar>** showed that thes, (bending mode of methane

In contrast to stretch-activated reactidnthe effects of adiabatically correlates to the, (out-of-plane umbrella
bending(we shall refer to all nonstretching modes as bendyending mode of the methyl radical product, and that this

ing modes for S|mpI|_C|ty in what follows excitation on vibrational adiabat is closely coupled to the reaction coordi-
atom+ polyatom reactions have been largely unexYpIored, anﬁlate. Therefore, they predicted thatexcitation of methane
only a few, indirect experimental reports exist to dateFor '

. T : should enhance its reactivity and produces more umbrella
example, Bronikowsi, Simpson, and Zarebserved minor bendi ited CH1,) duct " tteri |
effects of the bending vibration in the reaction HxD ending excited C{»,) products. Quantum scattering cal-

—HD+0D, whereas Woods, Cheatum, and Crim fouled culationss on the C|+_CH2V4) rea_ction t_)y _Squov and
creasedreactivity of CI+HNCO upon bending-mode excita- Bowmart predict a bimodal rotational distribution of the
tion. Because the bending vibrations involve concerted motCl products that directly reflects the initial bending vibra-
tion of three or more atoms in a polyatomic molecule, correction of the methane reagent. Experimentally, Kandel and
theoretical modeling of the bending-mediated reactions reZare® measured the speed distributions and the spatial
quires a description of the polyatomic reagent beyond th@nisotropies of the methyl radical products from the reaction
simple, isolated reactive bond picture, and this fact imposesf Cl+CH,(»=0), and found abnormally fast-moving methyl
theoretical and computational challend®s! Currently,  radical products. These abnormal speed distributions and the
there is no generally accepted view concerning the effects afpatial anisotropy were explained by the enhanced reactivity
bending vibrational excitation on bimolecular reactions,of the residualv,- or v,-mode excited methane present in
partly owing to the scarcity of experimental examples. the supersonic expansion. Furthermore, they also proposed

'The enhanced reactivity of Iow—fre'quency bending—mpdethat the v~ or v,-mode enhancement could explain non-
excited methane on the Cl+GHeaction has been impli- - Arrhenius behavior observed in low-temperature kinetics
cated by several experimental and theoretical studies. COFﬁeasurement of Cl+CHreaction” Recently, Zhotet 2118
) reexamined the role of the spin—orbit-excited chlorine atom
YPresent a_ddre_ss: Department of Chemistry, University of California, Ber-[c|* (2p1/2)] and excitation of thes,- or v,-mode excitation
keley, California 94720. . . .

in the Cl+CH, reaction. They found only a modest reactivity

Y Author to whom correspondence should be addressed. Electronic mai i 4 el
zare@stanford.edu enhancement associated with- or v,-mode excitation. To

0021-9606/2005/122(8)/084303/6/$22.50 122, 084303-1 © 2005 American Institute of Physics

Downloaded 01 Mar 2005 to 18.60.13.18. Redistribution subject to AIP license or copyright, see http://jcp.aip.org/jcp/copyright.jsp


http://dx.doi.org/10.1063/1.1844295

084303-2 Kim et al. J. Chem. Phys. 122, 084303 (2005)

5000 4 products. Vibrationally excited C{Hproducts can be formed
@cm (vy+ V) Y2 coincidentally with the HQb=0) products, but only the vi-
4000 -F “““““ V3T TTTTTTTT brationally ground-state CHproducts are allowed to form
HCI (v=1) with HCl(v=1) products.

30009 | ) The methods and experimental apparatus have been de-
r (V2 Ys scribed in detail previous,and only the essential features

Va . .
2000 - — are presented here. A 1:4:5 mixture of molecular chlorine
L (Matheson, research grade, 99.999%ethane(Matheson,

1000 4 2 research purity, 99.999%%6 and helium (Liquid Carbonic,
e J\ 99.995% gases is supersonically expanded into the extrac-

ot HCI (v=0) tion region of a linear Wiley-McLaren time-of-flighfTOF)
Reaction coordinate spectrometer under single-collision conditions. Photodisso-

FIG. 1. Schematic energetics of the reaction Cl+,Ght v,) —HCI+CHs. ciation of Ch with linearly polarized 355 nm light produces

The collision energy spread is represented by a Gaussian distribution esiast (1.6 km/9 ground-state Q?Pg/z) atoms via the

mated using the formulas of van der Zareteal. (Ref. 27 at 15 K. The C lH(lu)-X 12(03) transition with a spatial anisotropﬂphot

v+ v, mode (2855 cmi?) excited methane is prepared by direct infrared _ . 20 . . 1,22
pumping. Also shown on the right side of the reaction coordiate are the_ 1 '\_/Ilethane is excited tq thes,+v, staté ngar
fundamental frequencies of the GiHormal modes superimposed on top of 2855 cm-. After a 60—100 ns time delay for the reaction to

the vibrational levels of the HCI. occur, the HCI or CH products are state selectively ionized
by 2+1 resonance-enhanced multiphoton ionization
date, it seems fair to state that the importancesgfor v,- (REMPI). The resulting ions subsequently drift along the
mode excitation in the Cl+CHreaction is not completely TOF tube and are detected by Chevron-type microchannel
understood. plates. The reactive signal from the vibrationally excited
In this work, we examine the effects of torsiongland  hethane is distinguished from backgrousdch as HCI im-
bending», mode excitations on the reaction, purity and reactive signal from the ground-state methaye
Cl+ CHy(vy + v4) — HCI + CHg, (1)  subtracting the signal with and without IR excitation on an

in which the methane is prepared in thgt v, combination every-other—shot baS|§. _ .
band by IR excitation. The photoloc technidtie used to The linearly polarized 355 nm photolysis beam is gener-

obtain state-resolved differential cross sectiib€Sg of the ~ ated by frequency tripling the fundamental of the output
products. Because the transition is IR-inactive and intense from a Nd: YAG laser(PL9020, Continuum The IR radia-

IR radiation required for the direct excitation of, tionat 3.5um is obtained by parametrically amplifyin@ a
(1306 cn1l) is not readily available, excitation of the,  LiNbO; crysta) 3.5 um radiation generated by difference-
+v, combination band of methane offers a convenient routdrequency mixing of 1.06um radiation (Nd: YAG funda-

to the investigation of the effects of bending and torsionalmental output, injection seedeand the output of a dye laser
mode excitation on the Cl+CHreaction. Because the en- (ND6000, Continuum; LDS821, Excitdin another LINbQ
ergy of thew,+v, mode (2855 cn1) is nearly ETe same as crystal. The light for the probe REMPI process is generated
tha.t of antlsymmetrlc stretch; mode (3019 cm ), this re- by frequency doublingin a BBO crystal the output of a dye
action also provides an excellent opportunity to compare th?aser(FLZOOZ, Lambda Physjkoumped by a Nd:YAG laser

outc;ome of two different, yet nearly isoenergetic V|brat|onaI%DCR_2A’ Spectra PhysigsFor HCI detection, we use ex-
excitations of methane as well. Therefore, we have made an

extensive comparison of the dynamics for the reaction of cF1ON LDS489; for CH detection, we use an exciton DCM/
atoms with CH(s) and with CHy(vy+ ). LD698 mix. The photolysis, IR, and probe beams are fo-

cused and spatially overlapped with the supersonic
expansion using focal length=50 cm lenses.

Il. ENERGETICS AND EXPERIMENTAL PROCEDURES The rotational distributions of the HCI products are ob-
tained by a method similar to that of Simpseh al? The

Figure 1 displays the relevant energetics for the Clmethyl radical products are detected via th@z%i\"z
+CH,— HCI+CHj reaction. The reaction is slightly endot- —X2A". transition?® A photoelastic modulato(PEM-80
hermic (AH°=660 cn1l), and the estimatéd reaction bar- . | 2 S . : RS

Hinds International Ing.flips the linear polarization direc-

rier is ~1000 cn1’. Photodissociation of Glat 355 nm pro-
¢ b tion of the photolysis laser between parallel and perpendicu-

vides 1290+100 cimt of center-of-mass(CM) collision / ) ’
energyE,,;, and thev,+ v, mode vibrational excitation pro- lar to the TOF axis on an every-other-shot basis. The isotro-

vides 2855 critt extra energy, giving a total available energy PIC liso=1;+2! | and anisotropid anis¢=2(l)-I ,) components

of 4145 cm?, which is above the reaction barrier. Also of the TOF profiles are used to extract the speed-dependent
shown in Fig. 1 are the energetically accessible vibrationa$patial anisotropy of the produci8,.{v), and the state-
energy levels of HCI and CH(v;, symmetric stretching, resolved DCSs by fitting these components to basis functions
3004 cm?; v,, umbrella bending, 610 ciy v, antisymmet-  generated by a Monte Carlo simulation.

ric stretching, 3161 cit; v, deformation, 1400 ci)

3
_.<

Total energy (cm")
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FIG. 2. Action spectrum of the reaction Cl+Glty+v,) — HCI+CHs, . 0 ! -1 4 0 !
monitoring CHy(r,) via the 2+1%p_-X REMPI transition. A simulation IR frequency (cm )
based on HITRAN spectrum databageef. 21, and the assignment of

transitions(Ref. 22 are also shown. The sté) indicates the transition used FIG. 3. Comparison of the action spectra RP (1)[v,+»,] and R(1)[v5]
in later parts of the work. transitions monitoring Ck{»,=1) products. Also shown in thick solid lines

are the results of fits to Lorentzian curves. ®exis is arbitrarily shifted for
easy comparison of the two spectra.

Ill. RESULTS AND DISCUSSION

A. Reactivity enhancement upon  »,+w, mode ing CHy(v=0) and CH(»,=1) product3, and this analysis
excitation of methane provides the amplitude ratio oR©(1)[vp+v,]: R(1)[vs]
Figure 2 shows the action spectrum nearfheranch of =0.29+0.14:1(the uncertainty of the ratio represents one
the v,+v, band, obtained by subtracting the Cién signal  standard deviation calculated from the three action spectra
produced on the 2+1 REMPI}Z)and without IR excitation From this ratio, we determine that the+», mode-driven
from the signal with IR excitation. The simulated IR absorp-reaction is at least 15%with 95% statistical confidengeas
tion spectrum of thes,+ v, combination bart??and partial  reactive as thev; mode-driven reaction. One might argue
assignment of the transitions are also shown for comparisonhat the observed reactivity enhancement may originate from
The IR spectrum of the,+v, band is complicated by the the residual stretching mode character present in the eigen-
interplay of the Coriolis-coupling and anharmonic state ofv,+ 1, mode caused by a Fermi resonance. However,
perturbation§.2 In particular, Coriolis-coupling causes split- the stretching character in,+ v, mode is estimated to be
ting of single rotational lines in thR branch toR™), R%, and  only 2962° and as we will show later on, the rotational dis-
R sub-branches, depending on the coupling of rotatidnal tributions of the HGlv=1) products are markedly different
and vibrationall, angular momenta. Anharmonic coupling from the distributions from Cl+CH{vs) reaction. Therefore,
further removes the degeneracy. Tipwsitive(enhancemeit e pelieve that observed reactivity enhancement is caused
action spectrum fal.thfully follows the IR absorption SPEC-py the bending motion of the methane, not by the residual
trum, which unambiguously shows ttenhanced reactivity — gyetching character of the eigenstatevgf v,. Yoon et al®
caused by the,+ v, mode excitation. Similar action spectra estimated the relative reactivities of the (symmetric

are also obtained by monitoring the gki=0) or HCI prod- stretch versus thevs (antisymmetric stretohmode of meth-
ucts (not shown. . . ) )
A quantitative comparison of the relative reactivity en- ane in the Cl+Cjreactions by comparing the action spectra
d P y of v +v, and v3+v, modes. Their estimate is based on the

hancement by exciting the; and v,+v, modes is not . L .
straightforward because of the large difference in absorptior"%l ssumption that the reactivity of thg mode character in the

cross sections between the two IR transitidtse vy+ v, stretch-bend combinatilon mode e?genstates is neglig_ible. Our
band absorption cross section is onib% of the v; band result suggests_ that _th|s assum_ptlon may not be valid.

cross section With maximum fluence of our IR radiation, OUr resultis a direct experimental example of the reac-
the 15 transition is heavily saturated, whereas the v, tran- t!ve enhancement gssouated with the bending-mode excita-
sition is not saturated. Therefore, we are only able to set 40N Of a polyatomic reagent. Currently, we are unable to
lower bound for the relative reaction cross sections of théletermine which mode in the,+v, eigenstate is mostly re-
o+, and v; mode-driven reactions, at this point. Figure 3 SPonsible for the observed reactivity enhancement. In a one-
compares the action spectra of unsatura®¥(1)[»,+v,]  dimensional local-mode picture of the GHending vibra-
and heavily saturate®(1)[ 5] transitions, obtained by moni- tion, the v, and v, modes appear equivalent. Theoretical
toring CHy(v,=1) products. Similar spectra are also obtainedcalculations taking into account the full symmetry of the
by monitoring CH(v=0) products(not shown. Because of collision predict a marked reactivity enhancement associated
the significantly different degrees of power broadening of thewith 1, mode excitation of the C**originating from the

two transitions, a comparison of the integrated areas of thetrong coupling of the Cl+Cl{v,) adiabat to the reaction
lines is not appropriate. Therefore, we evaluate the amplicoordinate. Further experimental investigations are needed to
tudes of the Lorentzid (saturation and power-broadened determine the relative importance of tagand v, modes in

fits of the RO(1)[v,+v,] and R(1)[v5] transitions(monitor-  enhancing reactivity.
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(a) Og (@) HCI (v=1)

2)

{b) HCI (v=0)

Population (arb. units)

Intensity (arb. units)
1 []
HH
[5=5)

HCI(J)

FIG. 5. (a) HCl(v=1) and (b) HCI(v=0) product rotational distributions
from the Cl+CH(v,+v,) (filled circles and solid lingsreaction. Also
shown in open squares are the corresponding distributions from the CI

T T T T T T T T T T T +CH,(v3) reaction reproduced from Simpset al. (Ref. 2. The error bars
59800 60000 60200 60400 60600 60800 represent the @,_; of replicate measurements.

Two-photon frequency (cm‘1)

CHs(v,=1) product upon excitation of the; mode in the
reaction. Our results, however, indicate no appreciable cor-
relation between the CHand CH; vibrations. Instead, we
observe predominantly Cjt =0) formation regardless of
B. Methyl radical vibrational state distributions the CH, vibrational mode. This result is in marked contrast
to the quantum scattering calculation by Yu and Nyn‘fan,
where they predict a strong correlation between the @tt
CH; vibrations. Even though we observe an increase in
CHs(v,=1) population uporv,+v, or 3 mode excitation of
the CH, the fractional population of the CGfi,=1) prod-
ucts from the Cl+CH(v,+v,) reaction is not greater than
those from the Cl+CHl{v3) reaction.

FIG. 4. 3,-X 2+1 REMPI spectra of the methyl radical products from the
reactions(@) Cl+CH,(vy+v,), (b) Cl+CH,(v3), and(c) Cl+CHy(v=0).

Figure 4 compares the 2+1 REMPI spectra of the;CH
products from the reactions of Cl atoms with gbb+v,),
CHy(v3), and CH(v=0), covering the @and % (out-of-
plane umbrella bendindhands, where we exclusively use the
RO(1)[v,+v,] transition for thev,+v, mode excitation of
methane. All spectra have an inten%eb@nd, indicating that
most of the CH products are formed in the vibrationally
ground state, regardless of the initial vibrational state. The
spectra of the Cklproducts from the Cl+Ck{v,+v,) and C. HCI product state distributions
the Cl+CH;(v;) reactions show noticeable intensity in th]le 2
band, whereas the Cl+CH =0) reaction produces only a
negligible intensity in the ?band. Although it is not feasible
to extract the quantitative vibrational state distribution fromIar to that described by Simpsat al? For the HCly=0)

a given REMPI spectrum of the Ghproduct because Of. distribution, population withJ<3 cannot be recorded be-

unknown Franck—Condon factors and significant predissomaéause of severe interference from the HEI0) background
tion of the 3, A", state used for the 2+1 REMPI probe, we 9

calculate the ratio of the integrated intensitile(ﬁi)/l(og), of present in the expansion mixture. Consequently, the evalua

the (8 and Z bands of CH REMPI spectrum. The reactions E|0C?I (c;f:tq;a v:g:jautgg?; tr)wrgltnCglsns?b?:t\g(\a/irr]atl?ebzﬁioc):|a\?igra-
Cl+CHy(vp+v,), Cl+CH,(vs), and Cl+CH(v=0) give the P P : ;

. . : : tional states exhibit cold distributiongotational energy is
mtegrated intensity ratios of 0.21, 0.28, and 0.04, reSP€Gess than a few percent of the total available engrgiynilar
tively (see Table)l

I . . to other Cl+hydrocarbotCH,, C,Hg, and GHjg) reactions
The v, mode vibration of CH adiabatically correlates to . : LT Te .
the », (umbrella bendingmode of the CH product® There- studied so far. This cold distribution has been attributed to

fore, if we assume that the, mode character is preserved in the kmeanaUC constraints of the heavy-light-heavy reaction
: . systemg’
the v,+ v, eigenstate of Cl we expect preferential product

4= ~ - The HCI(v=0) distributions from the Cl+CHllv,+v,)
branching Into QH(VZ_D upon v,+ v, mode activation of and Cl+CH,(v5) reactions are similar. On the other hand, the
the CH, Likewise, we do not expect to observe any

HCI (v=1) distributions are different for,+ v, and v3 mode
excitations: the distribution from Citlv,+v,) peaks atl=4

TABLE . Intensity ratios of 2 and @ bands of REMPI spectra of GH ~ and has average rotational energy of 228 trwhereas the
products from the reactions Cl+GH,+v,), Cl+CHy(v3), and Cl+CH(v distribution from CH(V?,) peaks atJ=1 and has On'y

Figure 5 displays the rotational distributions for the
HCl(v=0) and HClv=1) products from the Cl+Ckv,
+v,) and Cl+CH,(v»;) reactions obtained by a method simi-

=0). 41 cmt of average rotational energy. The difference in rota-
Cl+CHy(y+ 1) Cl+CHy(n) Cl+CH,(v=0) tional dlstrlbut'lons is surprising beca}use the total energies of
the two reactions are the same within 4%. Moreover, the
1(21)/1(09) 0.21+0.04 0.28+0.06 0.04 total energy of the reaction with Gf,+v,) is lower than
Uncertainties represent ; of replicate measurements. that of CH,(»3). Our observation constitutes another example
PUpper bound. of mode-specificityn atom-polyatom reactions, where nearly
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isoenergetic yet different vibrational excitations lead to

markedly different rotational distributions of the products.

Analogous mode-specific rotational distributions have been
recently reported in the stretching mode mediated ClI
+CH,D, reaction’

In stretch-mediated reactions such as CI+4(}J§D,2 Cl
+CH,(vy),% or Cl+CH,(215),* formation of vibrationally ex-
cited HCI products can be explained by a simple collinear
vibrational energy transfer from C—H to H-CI oscillators,
based on the local oscillator picture of the C—H stretching
vibration. On the other hand, the formation of K1)
products from thewv,+v, mode mediated reaction is not ——————
likely to originate from a similar collinear vibrational energy 100 -50 0 50 100
transfer. Instead, we suggest that the formation of (bICI TOF (ns)

=1) product occurs through noncollinear vibrational energy _ _ _ , _

transfer from the C—H bending motion to the HCI vibration. Eﬁéﬁggf E‘;"?ggogf;igsc';i?”géni Sglzoigpgze(rg)s%ugr(?}i%rz—
If we approximate thes,+ 1, mode as the tangential motion =10) products from the Cl+Ck{v,+v,) reaction, and the TOF profile ¢f)
of H atoms around the central C atom in methane, efficienHCl(v=0,J=5) product from the Cl+CH{(5) reaction. Also shown are the
transfer of the bending energy into the HCI bond can beesults of the fit{solid lines.

achieved with a significantly bent CI-H—C transition state.

Therefore, HQlv =1) products are rotationally excited by the
torque experienced during the separation stage of the H o o
and CH; products. In contrast, a collinear geometry is fa_angular distributions of the HQb=0,J=6) and. HCl(
vored for the formation of the HG=1) products from the :013:19) products from the C_|+CHV2+V4? reaction show
Cl+CH,(vs) reaction, and the rotational excitation of the broad side/backward scattering, and this broad backward
HCl is small. scattering is consistent with the results of the quantum scat-

Enhanced rotational excitation of the product upontering calculation for the Cl+Ck{v,) reaction by Yu and
bending-mode excitation of the polyatomic reagents has beehdyman.13
theoretically predicted for the Cl+Gi® H+H,0,* and The DCSs of the HClv=0) product show a qualita-
Cl+HOD (Ref. 10 reactions. In particular, Skokov and tively similar trend(backward scatteringgs the correspond-
Bowmart® recently carried out reduced dimensionality quan-ing DCSs from the Cl+Cl{vs) reaction. It is interesting to
tum scattering calculations on the Cl+@Bv,) reaction and i that the nearly thermoneutral channel, KGt1)

predicted a bimodal rotational distribution of HCI products,+CH3(U:O) shows a dramatic mode specificity in the rota-

which is cau_sed by a "mapping O.f the Franck—Con_don-typetional distribution, whereas the exothermic product channel,
for the bending-mode wave function onto the rotational dis- o . o
HCI(v=0) +CHa, exhibits no or only marginal specificity in

tribution of the HCI product. i ST :
the rotational distribution and the DCS. One explanation can
be given in terms of the difference in geometric constraints

Intensity (arb. units)

(ﬂf the HCI (v=0) products, which are shown in Fig. 7. The

D. Differential cross sections

Figure 6 shows the isotropic and anisotropic components @
of the core-extracted TOF profiles of HGI=0,J=6) [Fig.
6(a)] and HClv=0,J=10) [Fig. 6(b)] products from the ClI 4
+CHy(vy+v,) reaction, and HC{v=0,J=5) [Fig. 6(c)]
products from the C+Cl{r;) reaction, obtained using the
R-branch lines of theF-X (0,00 band. Poor signal-to-noise
ratio prevented us from obtaining reliable TOF profiles of
HCI (v=1) products, and only the HGb=0) products
with J>5 have a sufficiently large signal-to-background
ratio to permit us to obtain the TOF profiles of HZE0)
products.

The isotropic component of the TOF profiles provides -
the laboratory-frame product distribution, whereas the ratio
of the anisotropic and isotropic component for a given labo- . . . -
ratory velocity determines the spatial anisotropies of the 10 05 00 05 10
product. The spatial anisotroplyB.,(v)] analysis of the coso
state-selected HGb =0) products(not shown indicate that
majoiy of the HCIu=0) products are formed in coinci- £, 7, 0555 08 HOIL=0.-9 and Hcl20 3240 o e

dence with CH(v=0). Using t_hisl infgrma’Fion, We CoNnvert g j=5) product from the Cl+CH{rs) reaction. The error bars represent
the laboratory-frame speed distributions into the CM DCSshe 2s,_; of the replicate measurements.

Intensity (arb. units)
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associated with the product channels. For nearly thermoneu-A. Sinha, M. C. Hsiao, and F. F. Crim, J. Chem. Phgd, 4928(1991);

— ; M. J. Bronikowski, W. R. Simpson, B. Girard, and R. N. Zaitgd. 95,
tral channelsfHCI(v=1) product channels geometries of 8647(1991; M. J. Bronikowski, W. R. Simpson, and R. N. Zare, J. Phys.

the transition state are likely to be restricted. As mentioned chem, 97, 2194 (1993; R. N. Zare, Science279, 1875 (1998: F. F.
above, the Cl+CH(v,+v,) and Cl+CH(v;) reactions have  Crim, Acc. Chem. Res32, 877 (1999; S. Yoon, R. J. Holiday, E. L.
different transition state geometries that lead to @EN) a'bl?étv and dF-FF-FCg"} ~L dChflfg- 57“53/;5%308;68(200& S. Yoon, R. J.

. . . oliday, and F. F. Crimibid. ) .
product forr_n_atlon. Th_erefore, we _expect that this dlffere_ncezwl R. Simpson, T. P. Rakitzis, S. A. Kandel, A. J. Orr-Ewing, and R. N.
in the transition state is reflected in the DCSs and rotational zare, 3. Chem. Phys103 7313(1995.
distributions. We also expect that these geometrical restric’H. A. Bechtel, Z. H. Kim, J. P. Camden, and R. N. Zare, J. Chem. Phys.
tions are significantly removed for the exothermic channels, 120 791(2004.

. . . Z. H. Kim, H. A. Bechtel, and R. N. Zare, J. Am. Chem. Sd@3 12714
in the CH,(v,+v,) and Cl+CH,(v;) reactions, which lead to (200D: J. Chem. Phys117, 3232(2002.

mostly nonspecific behavior. ®S. Yoon, S. Henton, A. N. Zivkovic, and F. F. Crim, J. Chem. Phy&s5,
10744(2002.

IV. SUMMARY AND CONCLUSIONS 5H. A. Bechtel, J. P. Camden, and R. N. Zare, J. Chem. Ph28, 5096
(2004).

In this work, we have compared the relative reactivities, ;A- Sinha, J. D. Thoemke, and F. F. Crim, J. Chem. P86;.372(1992.
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